[Abstract] This protocol analyzes the direct interaction between two DNA-binding proteins by pull-down co-immunoprecipitation. One of the proteins is overexpressed in E. coli as HA-tagged recombinant protein and cell-free extracts are immunoprecipitated in HA-affinity resin. Cell extracts are treated with nuclease to degrade DNA and RNA, which rules out nucleic acid-mediated indirect interaction. Then, a second immunoprecipitation step is performed using the purified putative partner protein. Moreover, B35TP has strong DNA-binding capacity and, like many DNA-binding proteins, it has a very high isoelectric point (about 10.6), which affect its stability and function in vitro (Berjón-Otero et al., 2016) .
Procedure
This protocol analyzes the direct interaction between two DNA-binding proteins by pull-down coimmunoprecipitation ( Figure 1 ). In this protocol one of the proteins, P1 from bacteriophage Bam35, is overexpressed in E. coli as an HA-tagged recombinant protein and bound to the HA-affinity resin. Three different IPs are performed, using Nt-or Ct-tagged P1 with the HA motif (HA-P1 and P1-HA, respectively), as well as the empty plasmid as a negative control.
After a washing step, the putative partner protein, B35TP, is incubated with the P1 bound to the resin.
This might also be done using both extracts or both purified proteins. We advise not to use cell extracts in the second step in order to avoid false positives derived from interactions mediated by third proteins with the HA-tagged recombinant protein.
www.bio-protocol.org/e2678 8. Centrifuge for 10 min at 20,000 x g at 4 °C to pellet cellular debris.
9. Transfer the supernatant containing the cell-free protein extract to a new 1.5 ml microcentrifuge tube. We recommend performing the immunoprecipitation on the same day.
B. Co-immunoprecipitation
Immunoprecipitation of the bait protein expressed in bacteria
Prepare the required tubes by adding 50 µl of Anti-HA agarose to a 1.5 ml microcentrifuge tube.
In this case, we used three tubes for the extracts of bacteria expressing HA-P1 and P1-HA, and the negative control.
a. Centrifuge for 10-20 sec at 12,000 x g at 4 °C and discard the supernatant. 2. Pull-down co-immunoprecipitation of putative interacting proteins a. Add a mixture of 2 µg of the purified putative partner protein and 30 µg of bovine serum albumin in 500 µl of PBS-T to the resin and incubate at 4 °C for 2 h on a rotating Wheel. We used purified B35TP as partner protein, which was purified and quantified as described in 4. Electrophoresis at constant 150 V for one hour.
Note: Gels can be stained by incubation for 1 h in Coomassie Blue solution and destained by incubation for 1 h in destaining solution instead of/besides doing Western blotting. For staining protocol see He (2011).

Transfer to PVDF membrane using transfer buffer (see Recipes) and pieces of Grade 3MM Chr
Blotting Paper (constant 100 V for 90 min at 4 °C). 7. Incubate membrane in 100% methanol for 20 sec and dry at room temperature.
Notes: a. In this case, because of the high isoelectric point of the protein, a modified transfer buffer with 0.025% SDS and without methanol was used (see Recipes and Figure 2). b. To improve the transfer result, it is highly recommended to equilibrate both gel and membrane in the corresponding transfer buffer (5 min at room temperature).
8. Incubate membrane in 20 ml of blocking solution (see Recipes) for 30 min at room temperature or overnight at 4 °C.
9. Incubate membrane with the primary antibody (concentration depends on the antibody) in 10 ml antibody dilution buffer with gentle agitation for 1 h at room temperature.
10. Wash three times for 10 min each with 20 ml of PBS-T.
11. Incubate membrane with the secondary antibody (concentration depends on the antibody) in 10 ml antibody dilution buffer with gentle agitation for 1 h at room temperature.
12. Wash five times for 5 min each with 20 ml of PBS-T.
13. Incubate membrane with 2 ml ECL TM Blotting Reagents for 1 min at RT.
14. Drain membrane of excess developing solution, wrap in plastic wrap and expose to X-ray film.
Data analysis
Samples from each step should be analyzed by either SDS-PAGE followed by Coomassie staining and/or WB. Mix in 800 ml dH2O, adjust volume to 1 L
